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1-[(INDOL-3-YL)CARBONYL]P|P£RAZINE DERIVATIVES 

t 

The present Invention relates to 1-Iflndol-3-yl)carbonyl]plperazIne derivatives, to 
pharmaceutical compositions comprising the same and to the? use of these 1~[(indol- 
5 3-yi)carbonyI]piperazine derivatives as cannabinoid agonists In the treatment of pain 
and other disorders. 

1-[(lndo!-3-yl)carbonyllpiperazlne derivatives are known as compounds endowed with 
interesting pharmacological properties. 1-I(lndol~3-y0carbonyl]pipera2tne derivatives 

10 with unsubstituted indole nitrogen atom are disclosed in WO9806715 
(SmithWineBeecham Corp.) as antiinflammatory agents. Related ' 1-[(lndol-3- 
yl)carbonyl]piperazine derivatives which may also be substituted at the indole 
nitrogen atom are disclosed in WO0143746 (Nippon Shinyafcu Co.) as compounds 
having antiinflammatory and nephrotropic activities. 

15 1-K1-Benzyl"indo!-3-yl)carbonyl]pipera2ine derivatives were disclosed in a study on 
H1-receptor antagonists (Battaglla, S. et al. Eur. J. Meet Chem, 34, 93-105, 1999) 
and in a study on anti-inflammatory agents (Duflos, M. et al. Eur. J. Mod.. Chem. 2S, 
545-553, 2001), and found to be of relatively low activity in both studies. 
Recently 1-[0ndoW-yl)carbonyl]piperazine derivatives were generically described in 

20 WO01 58869 (Bristol-Myers Squibb) as being active modulator* of the cannabinoid 
receptor and as such useful in the treatment of respiratory diseases. No specific 1- 
[(indoI-3-yl)carbonyl]plperazine derivatives were disclosed In this patent application. 

Pain treatment Is often limited by the side effects of currently available medication. 

25 For moderate to severe pain, opioids are widely used. These agents are cheap and 
effective but suffer from serious and potentially life-threatening side-effects, most 
notably respiratory depression and muscle rigidity. In addition, the doses of opioids 
which can be administered are limited by nausea, emesis, constipation, pruritis and 
urinary retention, often resulting in patients electing to receive sub-optimal pain 

30 control rather than suffer these distressing side effects. Furthermore, these side- 
effects often result In patients requiring extended hospitalisation. Opioids ars highly 
addictive and are scheduled drugs in/nany territories. There is therefore a demand 
for new analgesics that have an improved side effect profile compared to currently 
used products, at equl-analgesio doses. 

35 1 

Evidence is accumulating that cannabinoid agonists have potential as analgesic and 
inflammatory agents. Two types of cannabinoid receptors are Implicated, the 

i 



X I ■ XV v vw« 



Oil 21.06.2002 17:10: 



cannabinoid CB1 receptor, which la located primarily in the central nervous system 
but which is also expressed by peripheral neurones and to a lower extent in other 
peripheral tissues, and the cannabinoid CB2 receptor, which is mostly located in 
Immune cells. (Howfett, A.C. et al.: International Union of Pharmacology. XXVII. 
Classification of Cannabinoid Receptors Pharmacol. Rev. 54, 161-202, 2002). While 
the CB2 receptor has been Implicated in modulating the Immune and antiinflam- 
matory response of cannabinolds, cannabinoid receptor agonists, especially those 
acting at the CB1 reoeptor have recently been suggested as useful In the treatment 
of pain (Iversen, L and Chapman, V.: Cennabmoids: a real prospect for pain relief? 
Current Opinion In Pharmacology, 2. 50*65, 2002 and references therein). 
Cannabinoid receptor agonists, such as CP 55,940 and WIN 55,212-2, produce 
potent antinocfception with equivalent efficacy to morphine in animal models of acute 
pain, persistent inflammatory pain and neuropathic pain. The known cannabinoid 
agonists are in general highly lipophilic and insoluble in water. There Is a thus a need 
for cannabinoid agonists with improved properties for use as therapeutic agents. 

To this end the present Invention provides H(Indol-3-yl)carbohylIpiperazine 
derivatives having the general formula I 



wherein 

R represents 1-4 substituents independently selected from H, (C M )aIkyl (optionally 

substituted with halogen), (C^alkytoxy (optionally substituted with halogen), 

halogen, OH, NH 2 , CN and NO a ; 

Ri is (C w )cydoalkyl or (C M )cydoalkenyl; 

Rz is H. methyl or ethyl; 

R3, R3 , R4 R4', Ro. Re' and Re'are Independently hydrogen or (Chalky!, optionally 
substituted with (d^alkyloxy or OH; 

Rg is hydrogen or (CwJaJkyl, optionally substituted with (C w )alkyloxy or OH; or 




Formula I 



. 012 21.06.2002 17:10 

3 

R 8 forms-together with R? a 4-7 membered saturated heterocyclic ring, optionally 
containing a further heteroatom selected from O and S; 
R 7 forms together with Rb a 4-7 membered saturated heterocyclic ring, optionally 
containing a further heteroatom selected from O and S; or 
6 R 7 is H, (C^)aikyl or (C^cytfoalkyl, the alkyl groups being optionally substituted 
with OH, halogen or (C w )alkyloxy; or 

a pharmaceutical^ acceptable salt thereof, as agonists of the cannabinoid 1 
receptor, which can therefore be used In the treatment of pain such as for example 
peri-operative pain, chronic paln T neuropathic pain, cancer pain and- pain and 
10 spasticity associated with multiple sclerosis. 

The compounds of the invention are generically described in WO0158B69 (supra) as 

cannabinoid receptor modulators for treating respiratory disease. These modulators 
are preferentially identified therein as CB2 modulators. The majority of compounds 

15 which are disclosed in WO0 158869 are characterized by the presence of a 2-(4- 
morphollnytyethyl side chain at the 1 -position of an indole or Indazole core structure. 
The 1-[(indol-3"yl}carbonyi]plperazine derivatives of the invention are distinguished 
from those of WO01 58869 by having a cyclopentylmethyi- or a cyclohexylmethyl side 
chain at the corresponding position, a feature which, unlike a 2-(4-morphoIinyl)ethyl 

20. side chain or a benzyl side chain, provides compounds having CB1 agonist activity. 

The term (C^alkyl as used In the definition of formula I means a branched or 

unbranched alkyj group having 1-4 carbon atoms, like butyl, isobutyl, tertiary butyl, 

propyl, rsopropyl, ethyl and methyl. 
25 In the term (C^)alkyloxy , (d^alkyl has the meaning as defined above. 

The term (C^Jcydoalkyl means a saturated cyclic alkyl group having 5-8 carbon 

atoms, and can thus represent cyclopentyl, cycbhexyl, cycloheptyl or cyclooctyl. 

Preferred (C^a)cycloalkyl groups are cyclopentyl and cyclohaxyl. 

The term (C w )cydoaIkenyi means a cyclic alkenyl group having 5-8 carbon atoms 
30 and at least one double bond, like cydoperrt-3-enyl or cyclohex-3-enyL 

The term halogen means F, CI, Br or I. 

In the definition of formula I Re can form together with R 7 a 4-7 membered saturated 
heterocyclic ring, which means that R$ together with the carbon atom to which it is 
bound and R r together with the nitrogen atom to which it is bound complete a 4-7 
35 membered saturated ring, such as an azetidine* a pyrrolidine, a piperidine, or a 1 H- 
azepine ring. Such rings may contain an additional O or S-heteroatom to form rings 
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such as a morpholine, a plperazine, a homopiperazine, an Imidazoline or a 
tetrahydrothiazole ring. 

There Is a.preferencefor 1-pdol^y|)carbonyllpIpera23ne derivatives of formula I 
5 wherein R z is H and Rj is a cyclopentyl or a cyclohexyl group. 

More preferred are the compounds of formula I wherein in addition R represents 
(Ci^)aikyIoxy or halogen, while even more preferred are the 1-[(indol-3-yl)carbonyl]-. 
piperazine derivatives of the Invention wherein R represents a methoxy group at the 
7-posltion of the indole ring. 
10 Especially preferred are the 1-[(lndol^yl)carbonyI]pipera2ine derivatives of formula I 
wherein Ra, R 3 \ R* R 5 ' and Rj are H; R* R 6 and R 7 are independently H or 
(Chalky!; or Re forms together with R 7 a 5- or 6-membered saturated heterocyclic 
ring and R* Is H or (C^Jalkyl. 

Particular preferred CB-1 receptor agonists of the invention are: 
15 HHcydohexyl)methyl-7-m^ 

ethylprperazlne; 

1KIHcyclohexyl)methy|-7^ 

(S)-2-{[H<ydohexyl)methy^^ 

2H-pyrido[1 ,2-aJpyrazine; 
20 (S>2-flMcyclohaxy0me^^ 

[l^-ajpyrazlnejand 

(S)-2^1-(cyciopentyl)methyl^^^^ 

[1 ,2-a]pyrazine; or pharmaceuticalJy acceptable safts thereof. 

25 The H(tndoW-y[)carbony[]p!perazIne derivatives of the invention may be prepared 
by methods known in the art of organic chemistry In general. More specifically such 
compounds can be prepared using procedures outlined by C. J, Swain ef aI(J. Med. 
Chern. 24. 140-151, 1991) and by P. E. Peterson, J. P, Wolf III and C. Niemann (J. 
Org. Chom. 23, 303-304, 1958) or by modification of these procedures. 



R 
30 




Formula II Formula III 
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H(lndoJ^y|)carbony|]piperazines of Formula I can for instance be prepared from the 
condensation of a compound of Formula II, wherein Ri, R2 and R have the meaning 
as previously defined and C(0)X represents a carboxylic acid or an activated 
derivative thereof, such as a carboxylic acid halide, preferably a chloride or a 
5 bromide, with a compound of Formula III wher<* Ra - R7 have the meaning as 
previously defined. When C(0)X represents a carboxylic acid fl.e^ X is hydroxy) the 
condensation reaction can be effected with the aid of a coupling reagent, such as for 
example carbonyl dilmidazole, dicydohexylcarbodilmlde and the like, in a solvent 
such as dimethytformamlde or dichloromethane. 
10 When C(0)X represents a carboxylic acid halide (I.e., X Is halide) the condensation 
with the amine derivative III can be carried out in the presence of a base, for example 
triethylamine, in a solvent such as dichloromethane. 

Compounds of formula III can be obtained from commercial sources, prepared by 
15 literature procedures or modifications of literature procedures, known to those 
persons skilled in the art For example, compounds of formula Hi can be prepared by 
reduction of a diketopiperazlne, using a reducing agent such as lithium aluminium 
hydride or borane-tetrahydrofuran complex as described by M. E. Jung and J, C. 
Rohloff [J. Org. Chem. 50, 4909-4913, 1985). Dlketopiperazines can be prepared by 
20 a variety of routes, as described by C. J. Dinsmore and D. C. Bershore (Tetrahedron 
3297-3312/2002). 

Compounds of formula II can be prepared by reaction of a compound of formula IV, 
where R has the meaning as previously defined, and a compound of formula V, 
25 where R1 and R 3 have the meanings as previously defined and Y is a leaving group, 
for example a halide or an alkyl sulfonate, in the presence of a base such as sodium 
hydride. The carboxylic add can be converted to a carboxylic acid halide, if desired, 
for example a carboxylic acid chloride, using a reagent such as oxalyl chloride. 

V-OH 

Y 

R2^R1 

30 Formula IV Formula V 

Compounds of formula V can be obtained from commercial sources, prepared by 
literature procedures or modifications of literature procedures known to those 
persons skilled in the art 
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For example, compounds of formula V where Y la pa/a-toluenesulfonate can be 
prepared from compounds of formula V where Y Is hydroxyl, using a method 
described by B. T6r6k et at (J. Chem. Soc Perkln Trans, i 801-804, 1993). 
Compounds of formula V where Y Is hydroxyl and R a is hydrogen can be prepared by 
5 reduction of a carboxylic acid or carboxyllc ester, using a reducing agent such as 
borane-tetrahydrofuran complex or lithium aluminium hydride. 

Compounds of formula IV can be accessed from compounds of formula VI by 
acylation at the 3-posltion, using an acylating reagent For example, compounds of 
10 formula IV can be accessed from compounds of formula VI by treatment with 
trifluoroacetlc anyhydride in a solvent such as dimethylformamide, followed by 
hydrolysis in aqueous sodium hydroxide at an elevated temperature. 




Formula VI Formula VII 

15 Compounds of formula VI can be obtained from commercial sources, prepared by 
literature procedures or modifications of literature procedures i known to those 
persons skilled in the art. 

Compounds of formula II can alternatively be prepared by acylation of a compound of 
20 formula VII, using an acylating reagent For example, compounds of formula II where 
X is chloride can be prepared by reaction of a compound of formula VII with oxalyf 
chloride in a solvent such as 1,1,2^-tetrachloroethane followed by rearrangement at 
elevated temperature. 

Compounds of formula VII can be prepared by reaction of a compound of formula VI 
25 with a compound of formula V in the presence of a base such a sodium hydride. 

Ths skilled person win likewise appreciate that various 1-[(lndol-3-yl)carbonyl]- 
plperazine derivatives of Formula I can be obtained by appropriate convereion 
reactions of functional groups corresponding to certain of the substituents R end R r 
30 Ry. For example, compounds of formula I wherein R 7 Is (Ci^alkyl or (Ca^cycloalkyl, 
the alky! groups of which may be substituted with OH, halogen or (C M )alkyloxy, can 
be prepared by the reaction of a compound of formula I wherein R 7 is hydrogen with 
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a (Chalky] halide or a functionalised (C l4 )alky) hafide, in the presence of a base 
such as potassium carbonate. 

Compounds of formula I wherein R is (Ci^alkyloxy or functionalised (Ci^)alkyIoxy 
may be prepared by the reaction of a compound of formula l wherein R is hydroxy 
5 with a (Chalky! halide or a functionalised (C^alkyl halide, in the presence of a 
base such as sodium hydride. 

Compounds of formula I wherein R is NH 2 may be prepared by the reaction of a 
compound of formula 1 wherein R is ntoro with a reducing agent such as hydrogen / 
palladium on activated carbon. 

10 

The H(indol-a-yl)carbony|]pipera23ne derivatives of Formula I and their salts may 
contain at least one centre of chlrality, and exist therefore as stereoisomers, including 
enantiomers and diastereomers. The present invention includes the aforementioned 
stereoisomers within Its scope and each of the Individual R and S enantiomers of the 

15 compounds of formula I and their safts, substantially free, i.e. associated with less 
than 5%, preferably less than 2%, In particular less than 1% of the other enantiomer, 
and mixtures of such enantiomers In any proportions including the racemic mixtures 
containing substantially equal amounts of the two enantiomers. 
Methods for asymmetric synthesis whereby the pure stereoisomers are obtained are 

20 well known in the art, e.g. synthesis with chlral induction or starting from chiral 
intermediates, enantioselective enzymatic conversions, separation of stereoisomers 
or enantiomers using chromatography on chlral media. Such methods are for 
example described In Chirality In Industry (edited by A.N. Collins, G.N. Sheldrake-and 
J. Crosby, 1992; John Wiley). 

25 

Pharmaceutical acceptable salts may be obtained by treating a free base of a 
compound of formula I with a mineral acid such as hydrochloric add, hydrobromlc 
acid, phosphoric add and sulfuric add, or an organic add such as for example 
ascorbic add, citric add, tartaric add, lactic acid, rnalelc add, malonic acid, fumaric 
30 acid, glycollc acid, sucdnic add, propionic add, acetic add, methane sulfonic add, 
and the like. 

The compounds of the Invention may exist in unsolvated as well as in solvated forms 
with pharmaceutical^ acceptable solvents such as water, ethanof and the like. In 
35 general, the solvated forms are considered equivalent to the unsolvated forms for the 
purpose of the invention. 
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The present invention further provides pharmaceutical compositions comprising a 1- 
[0ndoi-3-yl)carbonyllpiperazine derivative having the general formula I, or a 
pharmaceutJcalfy acceptable salt thereof, In admixture with pharmaceutical^ 
acceptable auxiliaries, and optionally other therapeutic agents. The term 
5 '"■acceptable" means being compatible with the other Ingredients of the composition 
and not deleterious to the recipients thereof. Compositions Include e.g. those 
suitable for oral, sublingual, subcutaneous, intravenous, epidural, intrathecal, 
Intramuscular, transdermal, pulmonary, local, or rectal administration, and the like, all 
in unit dosage forms for administration. 

10 For oral administration, the active Ingredient may be presented as discrete units, 
such as tablets, capsules, powders, granulates, solutions, suspensions, and the like. 
For parenteral administration, the pharmaceutical composition of the Invention may 
be presented in unit-dose or multi-dose containers, e.g. injection liquids in 
predetermined amounts, for example in sealed vials and ampoules, and may also be 

16 stored In a freeze dried (lyophilized) condition requlrlftg only the addition of sterile 
liquid carrier, e.g. water, prior to use. 

Mixed with such pharmaceutically acceptable auxiliaries, e.g. as described in the 
standard reference, Gennaro, A.R. et aL, Remington: The Science and Practice of 
Pharmacy (20th Edition., Uppinoott Williams & Wilklns, 2000, see especially Part 5: 

20 Pharmaceutical Manufacturing), the active agent may be compressed into solid 
dosage units, such as pills, tablets, or be processed into capsules, suppositories or 
patches. By means of pharmaceutically acceptable liquids the active agent can be 
applied as a fluid composition, e.g. as an injection preparation, In the form of a 
solution, suspension, emulsion, or as a spray, e.g. a nasal spray. 

25 For making solid dosage units, the use of conventional additives such as fillers, 
colorants, polymeric binders and the like is contemplated. In general any pharma- 
ceutically acceptable additive which does not interfere with the function of the active 
compounds can be used. Suitable carriers with which the active agent of the 
invention can be administered as soDd compositions include lactose, starch, cellu- 

30 lose derivatives and the like, or mixtures thereof, used in suitable amounts. For par- 
enteral administration, aqueous suspensions, isotonic saline solutions and sterile 
injectable solutions may be used, containing pharmaceutically acceptable dispersing 
agents and/or wetting agents, such as propylene glycol or butylene glycol. 
The Invention further includes a pharmaceutical composition, as hereinbefore 

35 described, in combination with packaging material suitable for said composition, said 
packaging material including instructions for the use of the composition for the use 
as hereinbefore described. 
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The 1-[(lndol'3-yl)carbonyl]piperazins derivatives of the invention were found to be 
agonists of the CB-1 receptor, as determined in a human CB-1 reporter assay using 
CHO cells. Methods to determine receptor binding as well as in vitro biological 

5 activity of cannabinoid receptor modulators are well knbwn in the art In general, 
expressed receptor is contacted with the compound to be tested and binding or 
stimulation or inhibition of a functional response is measured. 
To measure a functional response isolated DNA encoding the CB1 receptor gene, 
preferably the human receptor, ts expressed In suitable host cells. Such a cell might 

10 * be the Chinese Hamster Ovary cell, but other cells are also suitable. Preferably the 
cells are of mammalian origin. 

Methods to construct recombinant CB1 expressing cell lines are well known in the art 
(Sambrook et al., Molecular Cloning: a Laboratory Manual, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, latest edition). Expression of the receptor is 

15 attained by expression of the DNA encoding the desired protein. Techniques for 
ligation of additional sequences and construction of suitable expression systems are 
all, by now, well known in the art Portions or all of the DNA encoding the desired 
protein can be constructed synthetically using standard solid phase techniques, 
preferably to include restriction sites for ease of ligation. Suitable control elements for 

20 transcription and translation of the Included coding sequence can be provided to the 
DNA coding sequences. As is well known, expression systems are now available 
which are compatible with a wide variety of hosts, Including prokaryotic hosts such as 
bacteria and eukaryotic hosts such as yeast, plant cells, Insect cells, mammalian 
cells, avian cells and the like. 

25 Cells expressing the receptor are then contacted with the test compound to observe 
binding, or stimulation or inhibition of a functional response. 
Alternatively isolated cell membranes containing the expressed CB1 (or CB2) 
receptor may be used to measure binding of compound. 
For measurement of binding radloacfively or fluorescently labeled compounds may 

30 be used. The most widely used radiolabeled cannabinoid probe is [ 3 H]CP55940, 
which has approximately equal affinity for CB1 and CB2 binding sites. 
Another assay Involves screening for cannabinoid CB1 agonist compounds by 
determining the second messenger response, such as for example measurment of 
receptor mediated changes In cAMP or MAPkinase pathways. Thus,, such a method 

35 involves expression of the CB1 receptor on the cell surface of a host 1 cell and 
exposing the cell to the test compound. The second messenger response is than 



i 



019 21.06.2002 17:13 



measured. The level of second messenger will be reduced or increased, depending 
on the effect of the test compound upon binding to the receptor. 
In addition to direct measurement of e.g. CAMP levels In the exposed cell, cells can 
. be used which In addition to transfection with receptor encoding DNA are also 
transfected with a second DNA encoding a reporter gene the expression of which 
correlates with receptor activation. In general, reporter gene expression might be 
controlled by any response element reacting to changing levels ofsecond messenger. 
Suitable reporter genes are e.g. LacZ, alkaline phosphatase, firefly lucrferase and 
green fluorescence protein. The principles of such transaetivation assays are well 
known in the art and are described e.g. In Stratowa, Ch, Hlmmler, A and Czemllof- 
sky, A.P., Curr.Opin. Bbtechnol. §, 574 (1995). For selecting active agonist com- 
pounds on the CB1 receptor the EC* value must be < NT 6 M, preferably < 10* 7 IW. 

The compounds may be used In the treatment of pain such as for example peri- 
15 operative pain, chronic pain, neuropathic pain, cancer pain and pain and spasticity 
associated with multiple sclerosis. 

Cannablnold agonists of the invention would also potentially be useful In the 
treatment of other disorders Including multiple sclerosis, spasticity, Inflammation, 
graucoma, nausea and emeals, loss of appetite, sleep disturbances, respiratory 
20 disorders, allergies, epilepsy, migraine, cardiovascular disorders, neurodegenerative 
disorders, anxiety, traumatic brain injury and stroke. 

The compounds could also be used In conjunction with other analgesic drugs such 
as opioids and non-steroidal anti-inflammatory drugs (NSAIDs), including. COX-2 
selective inhibitors. 

25 

The compounds of the invention may be administered for humans in a sufficient 
amount and for a sufficient amount of time to alleviate the symptoms. Illustratively, 
daily dosage levels for humans can be In the range of 0.001-50 mg per kg body 
weight, preferably in a daily dosage of 0.01-20 mg per kg body weight 

30 

The Invention is illustrated by the following Examples. 
Example 1 

1-ff1-(CYplohexvl)methvl-7^ 

malerc 

35 acid salt 

To a solution of 7-methoxylndole (3.5 g, 23.6 mmol) In dlmethylformamlde (35 ml) at • 
0'C was added trffluoroacetic anhydride (4.4 ml, 31.5 mmol) overs minutes. The 
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mixture was stirred at room temperature for 1 h, then poured into water (200 ml). The 
resulting 7-methoxy-3-[(trifluorpmethyl)carbonyriindole precipitate was filtered off, 
washing with water and used directly in the next step. 
The damp solid was suspended In 4 M sodium hydroxide solution (140 ml) and 
5 heated to reflux with stirring for 1 h. Th6 mixture was cooled and washed twice with 
diethyl ether. The aqueous phase was then acidified to pH 1 using 5 M hydrochloric 
acid and the resulting fine precipitate filtered off, washed with water and dried to 
afford 7-methoxylndoIe-3-cart)oxyIlc arid (3.6 g), 

7-Methoxyindole-3-carboxylic acid (3,0 g, 16.6 rnrrtol) was added portionwise to a 

10 stirred suspension of sodium hydride (60% dispersion in mineral oil, 1.56 g, 39mmol) 
in dimethylfbrmamide (75 ml). After 1 h, bromomethylcyclohexane (5.7 g, 32.3 mmol) 
was added. The mixture was heated to 60°C with stirring for 1 h. The mixture was 
diluted with water (260 ml) and washed with ethyl acetate and then diethyl ether. The 
aqueous phase was acidified to pH 1 using 5 M hydrochloric acid and the precipitate 

15 filtered off. The crude product was recrystalllsed from ethyl acetate, to afford 1- 
(cyclohexyl)methyl-7-metho>vindoIe-3-cart)oxylicacid (375 g) as a crystalline solid 
To a solution of 1-(cyclohexyl)methyl-7-methoxylndoIe-3-carboxylic acid (2.5 g, 6.8 
mmof) in THF (30 ml) was added oxalyl chloride (4.5 g, 35.3 mmol), dropwise with 
stirring. The mixture was stirred at room temperature for 18 h. The volatile 

20 components were evaporated under reduced pressure to afford 1-(cydohexyl)methyl- 
7-methoxytndoIe-3-carbonyl chloride (2.7 g) as a crystalline solid. 
To 1-(c^dohexyl)methyl-7Htietho)^do!e-3-carfaonyl chloride (1.0 g f 6.2 mmol) was 
added a solution of W-ethylplperazine (1.35 g, 11.8 mmol) in dlchloromethane (60 
ml). The mixture was stirred until the add chloride dissolved. Triethylamine (3 ml, 

25 21.5 mmol was added and the solution stirred at room temperature for 18 h. The 
reaction mixture was washed with water (2 x 50 ml), dried with sodium sulfate and 
evaporated to afford an oil. This was purified by flash chromatography eiuting with 0- 
10% (v/v) methanol in dichloromethane to afford the title compound (free base) as a 
gym. 

30 The free base was dissolved In diethyl ether (50 ml) and filtered Into, a stirred solution 
of maleic acid (0.83 g, 7.15 mmol) In ether (24 ml) and methanol (4 ml). The resulting 
mixture was stirred for 30 minutes and the solid filtered off. The solid was re- 
crystallised from methanol/diethyl ether to afford title compound (1:1 maleic acid salt) 
as a crystalline solid. (2.7 g, 5.4 mmol). 1 H NMR (400MHz, CD a OD) 8 H 0.99-1.08 (2H, 

35 m) ( 112-1,25 (3H, m), 1.36 (3H, t, J 7.5), 1.56 (2H, d, J 12,6), 1.63-1.74 (3H, m), 
1,77-1.89 (1H, m), 3.22 (2H, % J 7.5), 3.30*3.35 (4H, m), 3.95 (3H, s), 3.9CM.05 (4H, 
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m), 4.25 (2H, d, J 7.0), 6.25 (2H, s, maleate) 6.76 (1H, d, J 7.5), 7.10 (1H. t, J 7.5), 
7.26 (1H, d, J 7.5), 7.53 (1H, s); EIMS: m/z = 384.4 [M+H]*. 

Example 2 

5 l:fl1-(Cvclopentvl)methv)-7-mefo^^ 
hydrochloride salt 

Cyclopentanemethanol p-toluenesulfonate was prepared by the following method: To 
a solution of cydopentanemethanol (2.0 g, 20.0 mmol) and pyridine (2.9 ml, 36.3 
mmol) in dichloromethane (20 ml) was added p-tolueneaulfonyl chloride (3.46 g, 18.1 
1 0 mmol). The mixture was stirred at room temperature for 24 h under nitrogen. The 
resulting mixture was washed with 2M hydrochloric acid and the aqueous layer 

separated and extracted with dichloromethane. The combined organics were dried 
over sodium sulphate and concentrated under reduced pressure to yield 
cyclopentanemethanol p-toluenesulfonate as a colourless oil (4,3 g, 17.0 mmol). 

15 The title compound was prepared following the method of Example 1, using 

cyclopentanemethanol p-toluenesulfonate instead of bromomethyleydohexane. 'H 
NMR (400MHz, CD 3 OD) 6m 1.29-1.35 (2H, m), 1.38 (3H, t. J7.5), 1.52-1.71 (6H, m), 
2.39-2.49 (1 H. m), 3.24 (2H, q, J 7.5), 3.05-3.35 (2H, br m), 3,35-3.70 (4H, br m), 
3.95 (3H, s). 4.38 (2H, d, J7.5). 4.4CM.65 (2H, br m), 6.79 (1H, d, J7.5), 7.10 (1H, t, 

20 J 7.5), 7.27 (1H, d, J 7.5), 7.60 (1H, s); EIMS: m/z ■ 370.2 [M+H]*. 1 

Example 3 

The procedure described under Examples 1 and 2 was further used to prepare the 
following compounds: 
25 SArl^rHcvclohepMmethvl^- metho^ 

hydrochloride salt was prepared using cycloheptanemethanol p-toluenesulfonate. 

EIM8:m/z = 398.2 [M+H]*. 

3B: 1-ffHCvclopcfrnmethvl7-methow^ 

hydrochloride $afl was prepared using cydooctanemethanol p-toluenesulfonate. 
30 EIMS: m/z = 41 2.4 [M+Hf - 

3C: WrMCvclohexvnme<thvl7-mfitho 

hvdroxvethvDplperazlne. trifluoroacetlc arid ggft prepared following the method 
of Example 1, using 1-(2-hydroxyethyl)piperazlne instead of Atethylplperazine. EIMS: 
rnfe- 400.2 [M+Hf. 
35 3D; 1-ff1-(Cvclohexvnmethvl-7-methox^1 H-lnd»l^ -vncarbonvM-r2- 

methoxvethvnplDerazlnB, fr ffluoroacetlc ariri rait «« e prepared using 1-(2- 
methoxyethyl)piperazlne. EIMS: m/z =414.2 [M+H]*. 



U4 x/;x* taa +Ji4izuuuy8^ 
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3E: i^rwCvdDhGac^melh ^ was 
obtained following the method of Example 1 , using 7^nethyIindole Instead of 7- .. 
methoxylndola, EIMS: rn/z - 368.0 [M+Hf. 

3F: jJHQyslStigg^^ was 
5 obtained from 7-ethylindole. EIMS;.mfe = 382.2 [M+HJ\ 

ExamBla 4 

1^1-fCvclohexvttrpeihvl^^^ 
hydrochloride salt 

10 To a solution of 5-fluoro Indole (1 .0 g, 7.4 mmol) in dimethyl formamide (20 ml) was 
added sodium hydride (60% dispersion In mineral oil; 327 mg, 8.14 mmol). The 
mixture was stirred at room temperature for 10 minuted before the addition of 
bromomethylcyclohexane (1.3 ml, 9.3 mmol). The resulting mixture was stirred at 
room temperature for 15 hours. A further addition of sodium hydride (170 mg, 4.23 

1 5 mmol) then bromomethylcyclohexane (0.65 ml, 4.65 mmol) was made and the 
reaction stirred for a further 15 hours. 

The reaction was quenched with 2-propanol (10 ml) and then concentrated. The 
resulting brown gum was partitioned between ethyl acetate (50 ml) .and 5% sodium 
hydrogen carbonate solution (50 ml). The organic layer was washed with water (50 
20 ml), dried over sodium sulfate and concentrated. The crude Intermediate was then 
purified by flash chromatography using 95% dichloromethane, 5% methanol as 
eluent, to afford Hcyclohexylmethyl)-6-fluoroindoIe (1.26g, 5.45 mmol). 

To a solution of 1-(cyclohexyImethyl)-5-fluorolndole (20Bmg, 0.9 mmol) in 1,1,2,2- 
25 tetrachloroethane (15 ml) at 0°C I was added oxalyl chloride (0.122 ml, 0.945 mmol) 
with stirring undsr a stream of nitrogen. The mixture was allowed to warm to room 
temperature over 1 hour, then heated to 120 D C for a farther 1.5 hours. The mixture 
was cooled to room temperature and triethylamine (0.138mi, 0.99mmol) was added. 
Stirring was continued for a further 10 minutes before the addition of A/-ethyipips- 
30 razine (0.125ml, 0.99mmol). The mixture was stirred at room temperature for .15 
hours and then partitioned between 0.4 M sodium hydroxide solution (10 ml) and 
dichtoromethane (10ml). The organic layef was washed with water (10 ml), dried over 
Na 2 S0 4 and concentrated. The resulting brown oil was purified by flash chromato- 
graphy using 95% dichloromethane, 5% methanol as eluent to yield the title 
35 compound as the free base. 



*1 I WAVViUIWll a » 
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Hydrochloride salt formation was achieved by the addition of hydrogen chloride 2M 
solution in diethyl ether (3 ml) to a solution of the free base in diethyl ether (5 ml). 
The precipitate was filtered and dried. The solid was crystallised from diethyl ether 
and methanol to afford title compound (1:1 hydrochloric acid salt) as a crystalline 
solid (0.172 g, 0.42 mmol). 'H NMR (400MHz, CD 3 OD) $ H 0.98-1.27 (2H, m)/1.17- 

I. 27 (3H, m), 1.39 (3H, t, J 7.5), 1.59 (2H, d, J 13.0), 1.64-1.77 (3H, m). 1.83-1.93 
(1H, m), 3.08-3.20 (2H, m), 3.24-3.33 (2H, m), 3.51 (2H, t, J 12.5), 3.63 (2H, d, J 

II. 0), 4.07 (2H, d, J7.5). 4.58 (2H, d, J 13.6), 7.04 (1H . td, J 9.0, 2.5), 7.45 (1H. dd, 
J9.5, 2.5), 7.47-7.51 (1H, m), 7.77 (1H, s).; EIMS: mfe = 372.0 tM+Hf. 

Example 5 

The procedure described under Example 4 was farther used to prepare the following 
compounds: 

BA! 1-ff1-fCvdohexvnm8mvl-e-fluora.1 A^Hn dol-3-vnca^bon^dM-ethvlDlneray^l1ft | 
hydrochloride salt was obtained from 6-fluoroindole. EIMS: m/z = 372.0 [M+Hf. 

§i^H[H£yslphexj)m^^ 

hydrochloride saft was obtained from 7-fTuoroIndole. EIMS: m/z = 372.0 [M+Hf. 
^LHI&grompjl^QE!^^ 

hydrochloride sajjwas obtained from 6-bromoindole. EIMS: m/z ■ 432.4 [M+H] + . 
SD: H^Bromo-Hc^ohexvnmethvM^ 

hydrochloride salt was obtained from 7-bromofndole. EIMS: m/z = 432.5 IM+H]*. 
5E: Hr5-Chlpro-Hcvdohexvl)m^ 

hydrochloride salt wasobtalned from 5-chloroindole. EIMS: m/z = 388.2 pw+H]*. 
SELifE^ChJoj^Hc^^ 

hydrocrilprlde salt was obtained from 6-chloroindole. EIMS: mfe =388.5 [M+Hf. 
SO: 1^-Chloro-1-(cvclohexvnmethvHH ^ ^ 

hydrochloride salt was obtained from 7-chloroindole. EIMS: m/z = 388.0 [M+H]\ 
5H: 1-rr6-Cvano-1-fcvdoh B *Ynm^^ 

hydrochloride sa|t was obtained from 6-cyanoindole. EIMS: m/z = 379.4 [M+Hf. 
a 1WT1-(1-CyclohexvlethvlVl Wndo).3.vn ^ roonvlV4-afhYlDteerazlna hy a^n^a 
sgJtwas obtained from Indole and racemlc 1-cyclohexyJ-1-p-toIuenesulfonyl ethane. 
EIMS: m/Z = 368.0 IM+HJ*. 

The product obtained In Example 5J was subjected to chlrel HPLC separation on a 
ChlracefOD column (2 cm x 25 cm), eluting with isohexane/isopropanol 95/S (v/v) at 
20 ml/min flow rate. The products were detected using a UV detector at a wavelength 
of240nm. 
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M-5I: Enantlomer 1: retention time 8.1 minutes; enantiomeric excess >98%, 
tab 22 -12° (c*1.25 mg/ml In CHCI 3 ). 

Mr5\: Enantiomer 2: retention time 11.1 minutes; enantiomeric excess > 88%, 
Md 24 +7° (c =1.50 mg/ml in CHCIs): 
5 lULHIHH&dshextfe^^ 

hydrochloride salt was obtained from B-methoxylndola and 1-<ydnhmfyM-p- 
toluenesulibnyl ethane. ElMS: m/z = 398.2 [M+H] + . 
SK!l^1.M^^ohexvlemvn-7-methoxv-1f^ 
hydrochloride sag was obtained from 7-methoxyindole and 1-cyc!ohexyl-1-p- 
10 toluenesulfonyl ethane. ElMS; m/z = 398.2 [M+H] + . 
SL: 1-ff1-tCfrclohewnmBthv^n^ 

hvdroohloride salt was obtained from'6-nitroindole. ElMS: mfz m 399.2 [M+Hf. 

hydrochloride salt was obtained from 7-nltrelnridfl fims- m/ 7 = ? [M+Hf 
15 JWLlrflTjJterjzy^^ 

hvdrochtaride salt was obtained from 7-henyyltiYylndnlft- t=lMSr m/y r= Afin a pun-H]* 

SO: 1^WC vclohex^methvl-e-m9thox^1 H-indol-S-vncarbonvlM-etiivlDlDBraajn^ 

roaleic acid salt was obtained from 6-methoxyindola. ElMS: mfz = 384.5 [M+H]*. 

5P: 1 -ff 1-/Cv clohexvnmethvl-7-methoxv-1 Wndol-3.vncarbonvll4- 
20 bopropvtalp anazine. hydrochloride salt was obtained from 7-methoxyindole and 1- 

isopropylpiperazlna. ElMS: m/z ■ 398.2 [M+Hf. 

S^HIHey^ioh^e^e^^ 

sthvlpiperazine was obtained from 7-mftthnvytnrinlP anrf r-yr^hay-^ngm^ano) p_ 
toluenesulfonate. ElMS: mfz = 382.2 [M+H]*. 
25 5RM-n6-Bromo-1-(CTdohe x\rf)mem^^^ 

hydrochloride salt was obtained using 6-bromoindole as starting material and N- 
methyl piperazine instead of Methyl piperazlne. ElMS: m/z * 374.2 [M+H]\ 
SSMbflHSydghe^ 

hydrochloride salt was obtained using 6-fluoroindole and /V-methyl piperazine. ElMS: 
30 m/z = 358.2 [M+Hf. 

5T:14rwCv dohexvl)methvl^fluoro-1H-indo 

hydrochloride sgftwas obtained from 6-fluoroindole and W-methyl piperazine. ElMS: 
mfz = 358.0 [M+HT. 
5U: 14ri-rCvclohexvnmBthvI.7.fluo^^^ 
35 hydrochloride saR was obtained from 7-fluoroindole and /^methyl piperazine. ElMS: 
m/z s 358.0 [M+HJ\ 



I 
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SSkMSdShjoip^^^ 

hjydrochjojjg-ejaji was obtained from 6«xilorolndole and AMnethy) piperazlne. EIMS: 
m/z = 374.0 [M+H]*. 

5W; 1^^hloro-1-ftwolohexvnmrthy ^ 
5 hydrochloride ^ obtained ^ 7HSlforoInc(o|e and w ^ ethy| pIpera2|n& £|MS . 
m/z = 374.2 [M+HT- 

hy drochloride salt was obtained from 6-cyanolndole and A^methylplperazine. EIMS- 
m/z = 365.0 [M+HJ*. 

hydrochloride salt was obtained from 6-methoxyindole, /vWnethylplperazlne and 1- 
cyclohexyl-l^oluenesulfonyl ethane. EIMS: m/z = 384.2 fM+H]*. 
1-flH1~Cvtipha:^^ 

hydrochloride salt was obtained from Indole, A^methylplperazine and 1-cydohexyM- 
15 p-toluenesulfonyl propane. EIMS: rrvz = 368.0 [M+H]*. 

i 

Example 6 

1^-Ammo-l-( CT c|ohfiwnme^^ 

^[1-(Cydohexyrjme%l-7-n^^ (200 mg, 

0.5 mmol) was dissolved In methanol (10ml) to which was added palladium (6 wt % 
on activated carbon; 50mg, cat.) as a slurry in methanol (3m|). The system was then 
sealed and flushed with nitrogen before fixing a hydrogen source (balloon). The 
mixture was stirred at room temperature under hydrogen for 15 hours after which It 
was Altered through celite and concentrated. The resulting brown oil was purified by 
flash chromatography using 95% dichloromethane, 5% methanol as eluent to yield 
the title product as the free base. -H NMR (400MHz, CD 8 OD) 8 H 0.97-1.08 (2H, m) 
1.12 (3H t, J 7.5), 1.17-1.26 (3H, m), 1.53 (2H, d. J 12.5), 1.63-1.75 (3H, m), 1.87- 
1.98 (1H, m), 2.44-2.55 (6H, m), 3.37 (4H. t, J5.0), 4.20 (2H, d, J7.5). 6.59 (1H, dd, 
J 7.5, 1.0). 6.93 (1H , t, J 7.5), 7.06 (1H, dd, J 8.0, 1.0), 7.39 <1H. s); EIMS* mfe = 
30 369.0 [M+HJ*. 

Example 7 

HHCvplohBxvnmpfhv^^^ 
hydrochloride ^It 

35 To a solution of 4^enzyloxy-1-(<^clQhexyl)me^^ 

ethylplperazine (1 g, 2.2 mmoD in ethanol (50ml), was added palladium (5 wt % on 
activated carbon; 100 mg). The mixture was hydrogenated under a pressure of 5.5 



20 
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bar at 6Q*C for 16 hours. The resulting mixture was filtered through dicalite, and the 

• filtrate concentrated under reduced pressure to afford the title compound (free bade) 
as a gum (865 mg, 2.3mmol). 

Hydrochloride salt formation wps achieved by the addition of hydrogen chloride (2M 
5 solution In diethyl ether, 3noi) to a solution of the free base (180 mg, O.Smmol) in 
diethyl ether (5 ml). The precipitate was filtered and dried. The solid was crystallised 
from diethyl ether and ethane] to afford toe title compound (1:1 hydrochloric add salt) 
as a crystalline solid (132 mg, 0.3 mmol). 1 H NWIR (400MHz. CDgOD) 8 H 1.05 (2H, 
m) f 119 (3H, m) f 138 (3H, t, J7.5), 157 (2H. m), 169 (3H f m), l92 t (1H t m), 3,13 
1 0 (2H, m), 3.27 (2H, q, J 7.5), 3.45 (2H, m), 3.61 (2H , d, J 12.0), 4,29 (2H, d ( J 7.0), 
4.55 (2H f d, J 14.0), 6.59 (1H, d, J7.0), 9.97 (1H , t, J7.0), 7.14 (1H. d, J7.0), 7152 
(1H f s); EIMS: m/z = 370.2 [WH-H]*. 

Example 8 

15 1^ri^Cvdohe ^nmethvl-7 -^^ 

Sodium hydride (60% dispersion In mineral oil, 65 mg, 1.62 mmol) was added 
portionwise with stirring under a stream of nitrogen to a solution of 4-{[1« 
(c^clohexyl)methyl-7-hydro>^ (200 mg, 

0.54 mmol) in dimethylformamid© (5ml). After 30 minutes, 1 ^romo-2-fluoroethane 

20 (49 pl t 0.65 mmol) was added. Ttie mixture was heated to 60°C with stirring for 48 
hours. The reaction was quenched with 2-propanot (10 ml) and then concentrated. 
The resulting brown gum was partitioned between dlchloromethane (50 ml) and 5% 

• sodium, hydrogen carbonate solution (50 mi). The organic layer was washed with 
water (50 ml), dried over sodium sulfate and concentrated. The crude Intermediate 

25 was purified by flash chromatography using 95% dlchloromethane, 5% methanol as 
eluent to afford the title compound (54 mg, 0.1 mmol). 1 H NMR (400MHz, CD 3 OD) 5 H 
105 (2H, m) f 119 (3H, m), 1.39 (3H. t, J7,6), 156 (2H, m), 169 (3H, m), 192 (1H, 
m), 2.48 (2H, q, J7.0), Z53 (4H, m), 3J5 (4H, t, J 5.0), 4.26 (2H, d, J7.5), 4.32 (1H, 
<n), 4.39 (1H, m), 4.75 (1H, m), 4.87 (1H, m), 6.73 (1H, d t J 8.0), 7.06 (1H, t, J 8.0), 

30 7.26 (1H, d, J8.0), 7.44 (1H, s); EIMS: mfe = 416.2 [M+H]*. 

Example 9 

14ri^Cvclohexy|^methvl^thoxv-1 H -indol^vlloarbonvlMwethvlplDerazine was 
prepared following the procedure described under example 8, using jbromoethane 
35 instead of 1-bromo-2-fluoroethane. EIMS: mte « 398.2 IM+HJ*. 
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Example 10 

1^WCvdohexvl)ma ihvl-7^etho^lWndQ|.3-vl1q3rbonvlV2.3.5 1 Q- 
tetramethvlpiperazine. hydrochloride s al{ 

To a solution of diisopropylethylamine (0.83 ml, 4.00 mmol) and 2,3i5,6- , 
5 tetramethylpiperazine (0.35 g, 2.45 mmol) in dichloromethane (5 ml) wa&.added a 
solution of 1-(cyclohexyl)melhy!-7-metho3cyindole-3-carbonyl chloride (0.33 g, 1.08 
mmol, prepared following the method In Example 1) in dichloromethane (5 ml). The 
mixture was stirred at room temperature for 6 h, evaporated under reduced pressure 
and the residue purified by flash chromatography elutlng with 5-10 % (v/v) methanol 

1 0 In dichloromethane to afford the title compound (free base) as a colourless oil (0.43 
g). The free base (0.1 g, 0.24 mmol) was dissolved in dichloromethane (1 ml), treated 
dropwise with 2 M hydrochloric acid in diethyl ether (0.3 ml) and diethyl ether (3 mQ. 
The resulting precipitate was collected by filtration, washed with diethyl ether (15 ml) 
and dried under reduced pressure to afford the title compound (1:1 hydrochloric acid 

15 salt) as a white solid (0.09 g, 0.20 mmol). 1 H NMR (400MH*, CDjOD) S H 0.98-1.39 
(8H. m), 1.42 (6H. d. J7.0), 1.64-1.89 (9H, m), 3.44-3.70 (3H. m), 3.95 (3H, s), 4.21^ 
4.34 (3H, m), 6.77 (1H. d, J7.7), 7.11 (1H, t. J8.2), 7.38 (1H. d, J8.2). 7.58 (1H, 8); 
ElMS:mfe 412.4 [M+HJ*. 

20 Example 11 1 

hydrochlorides^ 
4-{[1-(Cyclohe>cy])methyl^ 

1-carboxylic acid fe/t-butyl eater was prepared following the method In Example 10 
25 using 3,5-dimethylplperazine.l-carboxync acid fe/f-butyl ester (E J. Jacobsen et aft 
J. Med. C/re/n. 42, 1123-1144, 1999) Instead of 2,3,5,6-tetramethylpiperazlne. To an 
ice cooled solution of 4^1-(cyclohexynmethyW7^ethoxy^^ 
dimemylplperazine-1-carboxyllc acid fe/f-butyl ester (0.52 g, 1.08 mmol) in 
dichloromethane (5 ml) was added dropwise trifluoroacetic acid (2 ml). The mixture 
30 was allowed to warm to room temperature over 2 h before removal of any volatile 
components under reduced pressure. The residue was then suspended In 5 M 
sodium hydroxide solution (10 ml) and extracted into dichloromethane (2 x 30 ml). 
The combined organic layers were dried with magnesium sulfate and evaporated to 
an oil. This was purified by flash chromatography eluting with 6-10 % (v/v) methanol 
35 in dichloromethane to afford the title compound (free base) as a colourless oil. The 
free base was dissolved in diethyl ether (3 ml) and treated dropwise with 2 M 
hydrochloric acid in diethyl ether (1 ml). The resulting precipitate was collected by 
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filtration, washed with diethyl ether (15 ml) and dried under reduced pressure to 
afford the title compound (1:1 hydrochloric add salt) as a colourless solid (0.13 g, 
0.31 mmol). 'H NMR (400MHz, CDsOD) S H 1.04 (2H, brq, J 9.0), 1.11-1.25 (3H, m), 
1.44 (6H, d, J7.0), 1.64 (2H, brd, J 13.0), 1.82-1.90 (4H, m), 3.33-3.42 <4H, m), 
5 3.95 (3H, s), 4.28 (2H. d; J7.0), 4.74^.86 (2H, m), 6.76 (1H, d, J7.5), 7.09 (1H, t, J 
8.0), 7.21 (1 H, d, J 7.5), 7.46 (1 H, S); ElMS: m/z 384.2 IM+HJ\ 

Example 12 

1-ff1-(ftrtohexvnmBmvl-7-memo^ 

10 hydrochloride salt 

To a solution of Hcyclohexyl)me1hyl-7-methoxy-lndole-3-cartJoxync acid (0.25 g, 
0.87 mmol, prepared following the method in Example 1) and 2,6-dimethylpIperazine 
' (0.12 g, 1.05 mmol) in dichloromethane (10 ml) was added dlisopropylcarbodiimlde 
(0.16 ml, 1.05 mmol) and 1-hydroxy benzotriazole (0.01 g, 0.09 mmol). The mixtures 

1 5 was stirred at room temperature for 1 8 h. The mixture was washed with 5 M sodium 
hydroxide (2x10 ml), dried with magnesium sulfate and evaporated. The residue 
was purified by flash chromatography eluting with 5-10 % (v/v) methanol in 
dichloromethane to afford the title compound (free base) as a colourless oil. The free 
base (0.15 g) was dissolved in diethyl ether (3 ml) and treated dropwise with 2 M 

20 hydrochloric acid in diethyl ether (1 ml). The resulting precipitate was collected by 
filtration, washed with diethyl ether (15 ml) and dried under reduced pressure to 
afford the title compound (1:1 hydrochloric acid salt) as a colourless-solid (0.15 g, 
0.36 mmol). *H NMR (400MHz, CDgOD) 5h 0.98-1.26 (5H, m) 1.32 (6H, d, J 6.5), 
1 .66 (2H, br d, J 12.0), 1.62-1 .90 (4H, m), 3.06 (2H, dd, J 14.5, 1 1.5), 3.3^3.50 (2H, 

25 m), 3.95 (3H, s), 4.26 (2H, d, J 7.5), 4.52 (2H, br d, J 13.6), 6.77 (1 H, d, J 7.5), 7.1 
(1 H, t, J 8.0), 7.24 (1 H, d, J 8.0). 7.54 (1H, s); ElMS: m/z 384.2 [M+Hf. 

Example 13 

The procedure described under example 12 was further used to prepare the following 
30 compounds: 

13A? 1^1-(Cydohexvnmettwl-7-meth^ 

hydrochloride salt was prepared using 1-(cyclohexyl)methyl-7-methoxy-Indole-3- 
carboxync acid and rac-2-methylpiperazine. 1 H NMR (400MHz, CD 3 OD) 8m 0.98-1,24 
(6H, m), 1.33 (3H, d. J6.6), 1.56 (2H, brd, J 12.5), 1.63-1.88 (4H. m), 3.17-3.22 (2H. 
35 m), 3.39-3.51 (3H, m), 3.94 (3H, s), 4.26 (2H, d, J 7.0). 4.43 (2H, br d, J 14.0), 6.76 



t 
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(1H, d, 77.5), 7.1 (1H, t, J7.5), 7.25 (1H, d, J 8.0), 7.64 (1H, s). EIMS; m/z = 370.2 
[M+Hf. 

13B: l^ri^CvctoDentvnmBth Yl-y^ethoxv-IWndol^vnMrbonv^S- 
dlmethylDlpsrazine. hydrochloride salt was prepared using 1 ^cydqpentyl)methyl-7- 
5 methoxy^indole-3-carboxyllc acid and 2,6-dimethylpfperazlne. 1 H NMR (400MHz, 
CDaOD) S H 1.24-1.36 (8H, m), 1.51-1.72 (6H, m), 2.43 (1H, heptet, J 7.5), 3.07 (2H, 
dd, J14.5, 11.5), 3.39-3.50 (2H. m), 3.95 (3H, s). 4.37 (2H. d. J7.5), 4.52 <2H, d, J 
14.0), 8.77 (1H, d, J7.5), 7.10 (1H, t, J7.5), 7.24 (1H, d, J 8.0), 7.59 (1H. s). EIMS; 
mlz = 370.2 [M+H]* 

10 13C: (S)-1-fri^Cvcl0Dentvnm6thvl-7^ethoxv>1 Wndol-3-vncarbonvrU3- 

methylpiperazine, hydrochloride salt was prepared using 1-(cyclopentyl)methyl-7- 
methojqr-indole-3-carboxylic acid and (S)-2-methyIpiperaa"ne. 1 H NMR (400MHz, 
CD,OD) 5h 128-1.36 (5H, m), 1.51-1.72 (6H, m), 2,42 (1H, heptet. J7.7), 3.20 (2H, 
dd, J 14.5, 10.9), 3.38-3.5 (3H, m), 3.95 (3H, s), 4.37.(2H, d, J 7.5), 4.43.(2H, brd, J 

15 14.5), 6.77 (1H, d, J7.6), 7.10 (1H, t, J 7.7), 7.25 (1H, d, J 8.1), 7.59 (1H, s). QMS; 
m/z ■ 356.2 |M+H]*. 

13D: 1-fri-fCvclohexvl^meth vl-7-methoxv-1 Wndol-3^ntgrt)onvlV-3.3- 
dlmethylplpe razlne. hydrochloride salt was prepared using 1-{cyclohexyI)methyl-7- 
methoxy-mdole-3-eamoxyIic acid and 2,2-dimethylplperazine. 1 H NMR (400MHz, 

20 CD,OD) S H 1.10-1.22 (5H, m). 1.38 (6H, s), 1.54-1.86 (6H, m), 3.31-3.34 (2H, m) r 3.2 
(2H. dd, J 14.5, 10.9), 3.81 (2H, s), 3.95 (3H, s), 3.96-3.99 (2H, m), 4.26 (2H, d, J 
7.1), 6.76 (1H, d. J 7.5), 7.10 (1H,t, J8.1), 7.24 (1H, d, J8.0), 7.53 (1H, s). EIMS; 
m/z = 384.5 [M+HJ*. ■■ 
13E: (SH-ffHCydohexvnmethv^^ 

25 plperazfne, hvdPPfrloride salt was prepared using 1-(cyclohexyl)methyl-7-methoxy- 
indolB-3-carfaoxyOc add and (S>2-methy1piperazine. 1 H NMR (400MHz, CD 3 OD) 5 H 
1.01-1.23 (5H, m), 1.33 (3H, d, J 6.5), 1.52-1.87 (6H, m), 3.16-3-27 (2H, m), 3.38- 
3.51 (3H, m), 3.95 (3H, S), 4.27 (2H, d, J7.0), 4.43 (2H, br d, J 14.3), 6.76 (1H, d, J 
7.8), 7.10 (1H, t, J7.9), 7.25 (1H, d, J 8.0), 7.54 (1H, s). EIMS; mlz - 370.0 [M+H]*. 

30 13F: (ffl-1-fl1.«frclohexvnmeth\rt^ 

methvtoiperazfne. hvdrochloilde salt was prepared using 1-(cyclohexyl)methyl-7- 
methoxy-indole-3-ca/boxylicacld and (R)-2-methylpiperazine. 1 H NMR (400MHz, 
CCbOD) S„ 1.01-1.23 (5H, m), 1.33 (3H. d, J6.5), 1.62-1.87 (6H, m), 3.16-3.27 (2H, 
m), 3.38-3.61 (3H. m). 3.95 (3H, s), 4.27 (2H, d, J 7.0), 4.43 (2H, br d. J 14.3), 6.76 

35 (1H, d. J7.8), 7.10 (1H, t. J7.9), 7.25 (1H, d, J 8.0), 7.54 (1H, s). EIMS; mlz = 370.0 
[M+H]*. 



I 
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Example 14 

1-m-(Cvclohexvnmemvl-7-methoxv-1 ^ 
ethvtotoerazine, hydrochloride salt 

To a solution of 1H[1-(C^dohexyl)methyl-7-methoxy-1H4ndol-3-yl]carbonyl}-3,5- 
5 dimethylpiperazine <0.7 g, 1 .83 mmol) and potassium carbonate (0.3 g, 2.1 0 mmol) In 
dimethylformamide (5 ml) was added iodoethane (0.17 ml, 2.10 mmol). The mixture 
was heated to 50°C for 18 h and diluted with water (20 ml). The suspension was then 
extracted with methyl terf-butyl ether (2 x 30 mi), the combined organic layers 
washed with water (3 x 20 ml), dried with magnesium sulfate and evaporated. TTie 

1 0 residue was purified by flash chromatography eluting with 5-1 0 % (v/v) methanol in 
dichloromethane to afford the title compound (free base) as a colourless oil. The free 
base (0.42 g) was dissolved in diethyl ether (10 ml) and treated dropwise with 2 A/I 
hydrochloric acid in diethyl ether (1 ml). The resulting precipitate was collected by 
filtration, washed with diethyl ether (15 ml) and dried under reduced pressure to 

15 afford the title compound (1:1 hydrochloric acid salt) as a white solid (0.35 g, 0.78 
mmol). 1 H NMR (400MHz, CD3OD) 8 H 0.98-1.23 (5H, m), 1.30 (3H, t, J 7.0), 1.39 
(6H. d, J 7.0), 1.53-1 .88 (6H, m), 3.22-3.35 (2H, m), 3.42-3.61 (4H, m), 3,95 (3H, s), 
4.26 (2H, d, J7.0), 4.53 (2H, brd, J 13.0), 6.77 (1H, d, JB.O), 7.10 (1H, t, J 8.0), 7.27 
(1 H. d, J 8.0), 7.57 (1H. s). BMS: m/2412.4 [M+Hf. 

20 

Examp'e 15 

The procedure described under example 14 was further used to prepare the following 
. . compounds; ...... 

15A: 14ri-fCvdoren^methvl7-mew ow-^^^^ 
25 ethvlpiperazine. hvdrochloridB salt was prepared using 1-{[1-(cydopentyl)methyl-7- 

methoxy-1#-indoW-yl] carbonyl}-3,5-dImethylpiperazine. 1 H NMR (400MHz, CD 8 OD) 

8„ 1.27-1.40 (5H, m), 1.39 (6H, d, J 6.5), 1.73-1 .43 (6H, m), 2.44 (1H. heptet, J 7.0), 
. 3.22-3.33 (2H, m), 3.42-3.61 (4H, m), 3.95 (3H, s), 4.38 (2H, d, J 7.0), 4.63 (2H, br d, 

J 14.5), 6.77 (1H, d, J 8.0), 7.10 (1H, t, J 8.0), 7.27 (1H, d, J 8.0), 7.61 (1H, s). EIMS; 
30 m/2 = 398.0 [M+HJ*. 

15B! 1-ff1-fCvdohewnmethvl-7-met hoxv-1WndotAvncarfaonvlM-ethvl-2.3.5.6- 

tetramethvlpiperazine. hydro chloride salt was prepared using 1-{[1- 

(cydohexyl)memyt-7-methoxy-1*Mndo|^^ 

1 H NMR (400MHz, CD3OD) 5 H 0.98-1.29 (8H, m), 1.32 (3H, t, J 6.5), 1.44-1.88 (15H, 
35 m), 3.32-3.83 (5H, m), 3.95 (3H, s), 4.2CM.41 (3H, m), 6.77 (1H, d, '<( 8.0). 7.11 (1H, 
t, J 8.0), 7.37 (1H, d, J 8.5), 7.55 (1H, s). EIMS; mte * 440.2 [M+Hf. 
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ISC: 1-f rHCvclQhexvnmethv^-methn xv-l W-lnria| -3.Yr|f >art)onvlV.2'e^irr t { »th Y Uz- 
ethylpfperazine, hydrochloride saft was prepared using 1-ff1-(cydoh6xyl)mefhy|-7- 
meihoxy-1WHndol^yacarfaonyl}-2 l e-dimsthylpiperazin8. f H NMR (400MHz, CD 9 OD) 
5h 0.97-1.22 (5H, m), 1.43 (3H f W7.0), 149 (6H, d, JB.0), 1.51-1.88 (6H, m). 3.23- 
5 3.41 (4H, m), 3.56 <2H, br d, J 11.0), 3.95 (3H, a), 4.26 (2H, d, 4.86 (2H, brs), 
6.76 (1H, d, J7.5), 7.1 (1H, t, J 8.0), 7.23 (1H, d, J 8.0). 7.48 (1H, s). EIMS; mfc = 
412.4 tM+Hf. 

150: 1-{f1-(CvdQhexvnmemvl-7:^ 

rpethylpiperazine, hvdrechlpnde sa|t was prepared using l-tfHtydohexyQmethyR- 
10 methoxy-1W^ndol-3-y!Jcart>onyl}-3-methylp|perazine; 1 H NMR (400MHz. CD 3 OD) «„ 

0.97-1.43 (11H, m), 1.56 (2H. brd. J 12.0). 1.64-1.89 (4H. m). 3.12-3.68 (7H. brrn). 

3.95 (3H. s). 4.26(2H. d. J7.0), 4.50 (2H. brs). 6.77 (1H, d. J8.0), 7.10 (1H, t, J 

8.0). 7.26 (1H. d. J 8.0), 7.54 (1H, s). EIMS; m/2 * 398.2 [M+HJ*. 

15E: 1-fri-(Cyclohexyl)m^v[-7^ ^ m ^. 
15 4-ethvlplperazlne. hydrochloride sajt 

1 ^1r(Cydohexyl)methyl-7Hnramoxy-W 

dlmethylpiperazlne was prepared following the method in example 12, using 1- 
(cydohexyl)memyi-7-rnethoxy-indole-3-carboxync add and frans-2,5- 
dimethylpiperazine. The procedure described under example 14 was used to afford 
20 the title compound. 1 H NMR (400MHz, CD 3 OD) 8h 0.97-1.32 (9H, m), 1.37 (3H. t. J 
7.0). 1.44-1.89(8H, m), 3.12-3.78 (6H, br m). 3.95 (3H. s), 4.17-4.33 (3H. m), 5.00 
(1H, bre). 6.76 (1H, d. J7.5), 7.10 (1H. t, J8.0). 7.21 (1H. d, J8.0). 7.48 (1H. s). 
EIMS; m/z = 412.4 rM+Hf. . .. . 

1SF; 1-ff1 -(cydohexvl^methvl-7-mathoYv- i H-lndoka-yq^rfaonvtKBAS. 
25 ffl"iethy|piperazipe, hydrpchlprife salt was prepared using 1-ff1-(cydohexy0methyl- 
7-methoxy-1fWndol-3-yflcaroonyl}^.5-dimemyIplpera2lne and iodomethane. 1 H NMR 
(400MHz, CD 3 OD) 6„ 0.97-1.89 (17H, m). 2.96 (3H, brs), 3.23^3.48 (4H. br m), 3.95 
(3H. s), 4.26 (2H, d. J 7.0), 4.49 (2H. br d. J 12.0), 6.77 (1H. d, J7.5), 7.10 (1H, t, J 
8.0), 7.26 (1 H, d, J 7.5), 7.54 (1 H, s). EIMS; miz = 398.0 [M+HJ*. 
30 .15G: 1^1-fcvdopeiTtvnmBthvl^flt^ 

Wmethylpiperezine, hydrochloride Bait was prepared using 1-ai-(cyclopentyl)methi4- 
7-memoxy-iH-indol-3-vl]c!arbonyl}-3.5-dlmethylpiperazine and iodomethane. 'H NMR 
(400MHz, CDgOD) 5„ 1.23-1.70 (14H, m), 2.40 (1H. heptet, J7.6), 2.96 (3H. brs), 
3.21-3.48 (4H. br m), 3.95 (3H, s), 4.38 (2H, d. J7.0), 4.50 (2H, br d, J 13.5). 6.77 
35 (1H. d, .77.5), 7.10 (1H, t, J8.0), 7.26 (1H, d, J8.0). 7.60 (1H, s). Elll/IS; m/z = 384.2 
[M+Hf. I 
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15H: M14CTclohe)cvnrn6thv|-7-methoxv-1H-i ndQ[^-vffcarbonvlV3.4- 
dimethylDiDe raane. hydrochloride salt was prepared using H[1-(cyctohexyl)methy|- 
7^ethoxy-1H-lndol-3-yl]carbonyl>3-methylpiperazlne and iodomethane. NMR 
(400MHz. CD 3 0D) §» 0.97-1.89 (14H, m), 2.92 (3H, br s), 3.61-3.19 (6H, br m), 3.95 
5 (3H, 3), 4.26 (2H,.d, J7.0), 4.49 (1H, br s), 6.76 (1H, d, J7.5), 7.10 (1H, t. J 8.0), 
7.27 (1H, d, J 8.0), 7.54 (1 H, s). ElMS; m/z ■ 384.2 [M+Hf . 
15h (»-1-^1.-(CvdQ PBnMmethvl^ 

methvlpioerazlne. hydrochloride salt was prepared using (S)-1-{[1- ' 
(cyclopentyl)methyl-7-methoxy-1 WndoI-3-yl]carbonyl}-3-methylplp©razine and 

10 iodoethane. 1 H NMR (400MHz, CDaOD) 8 H 1.24-1.42 (8H, m), 1.51-1.73 (6H, m), 
2.43 (1H, heptet, J 7.6). 3.12-3.23 (2H, m), 3.47-3.71 (5H, br m), 3.95 (3H, s) t 4.38 
(2H. d, J6.9), 4.51 (2H, br s), 6.77 (1H, d. J8.2), 7.10 (1H. t, J7.7), 7.26 (1H, d, J 
8.1). 7.60 (1H, s). ElMS; m/z = 384.2 [M+Hf. 
15Ji (ffl-1-ni-(tacloi»ntvnmeth\ri-7^ 

15 methvtoiperazlne. hydrochloride salt was prepared using ffll-1-ff1- 
({^openty0methyl-7-metho^1/Wndol-3-yQca±onyl}-3-met^ 
as detailed in example 12) and iodoethane. 'H NMR (400MHz, CD 3 OD) 8 H 1-24-1.42 
(8H, m), 1.51-1.73 (6H, m), 2.43 (1H, heptet, J7.Q), 3.12-3.23 (2H, m). 3.47-3.71 
(5H, br m), 3.95 (3H, s), 4.38 (2H, d. J 6.9). 4.51 (2H, br s). 6.77 (1H, d, J 8,2), 7.10 

20 (1H, t. J 7.7). 7J26 (1H, d, J 8.1), 7.60 (1H, s). ElMS; m/Z = 384.2 IM+Hf. 
15K!{Sl1-ff1-<Cvcloperitvnmemvl^^^ 

dimefthvlpiperazlne. hvdrtichloridB salt was prepared using (S)-1-{ri- 
(cyclopemy0methyl-7-methoxy-1 H-indol-3-yflcarbonyl}-3-rnethylpiperazlne and 
iodomethane. <H NMR (400MHz, CD 3 OD) 6 H 1.27-1.42 (5H, m), 1.62-1.74 (6H, m), 
25 2.43 (1H, heptet, J 7.4), 2.86-2.99 (3H, m). 3.17-3.60 (5H, br m), 3.95 (3H. s), 4.38 
(2H, d, J7.6), 4.52 (2H, br d, J 14.6), 6.77 (1H. d, J7.9), 7.10 (1H, t, J7.7), 7.27 (1H, 
d, J 8.1), 7.60 (1H. s). ElMS; m/z = 370.0 [M+Hf. 
15L; f/?M-ff1^CvcloPCTtvnmethvl^ 

dlmethvlpjpe razine. hydrochloride salt was prepared using (ft)-1-{[1~ 
30 (cyclopentyl)methyl-7-methoxy-lH-indo!-3-yQcaroonyl}-3-methylplp^ and 
Iodomethane. 1 H NMR (400MHz, CD3OD) 8 H 1.2M.42 (5H, m), 1.52-1.74 (6H, m), 
2.43 (1H, heptet, J7.4), 2.86-2.99 (3H, m), 3.17-3.60 (5H, br m), 3.95 (3H. s), 4.38 
(2H. d, J7.6), 4.52 (2H, brd, J 14.6). 6.77 (1H. d, J7.9). 7.10 (1H, W7.7), 7.27 (1H, 
d, J 8.1), 7.60 (1 H, s). ElMS; m/z = 370.5 [M+Hf. 
35 15M: l^ri-fCvclohexvnmethvl-7-memow-i^ 

ethvlolnerazine, hydrochloride salt was prepared using 1-{[1-(cydohexyi)rnethyl-7- 



! 
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methoxy-1/findol-3-yl]carbonyl}-3,3-dimethylpipBra2lnean(J lodoethane. 1 H NMR 
(400MHz, CDaOD) 0.97-1.90 (20H. m), 2.82-3.69 (6H, brm), 3.95 (3H, s), 4.22- 
4.61 (4H, m), 6.77 (1H, d, J7.9), 7.10 (1H. t, J&.Q). 7.25 (1H, d, J811), 7.53 (1H, s). 
ElMS;rn/z= 412.4 [M+H] + . ' 

5 J5N:1^1-fCvdohexvnni^v^methp^1^ n ^ ^3. v n cai tAny^ a | ^ |< l. 

M methvlpiperaztne, hydrochloride sag was prepared using HHcydohexyl)methyl- 
7-memoxy-1Wnctol-3-yrjcarDonyl}^,^^ . 
(400MHz, CD3OD) S H 0.98-1.90 (17H. m), 2.85 (3H, 6), 3.29-3.70 (4H, m>. 3.95 (3H, 
s), 4,22-4.60 (4H, m). 6.77 (1H, d. J 7.7), 7.10 (1H, t, J 8.1), 7.26 (1H, d, J 8.2), 7,64 
10 (1H,3).EIMS:m/z = 398.2tM+H] + . 

Example 1§ • 

(/fr2-ff1-(Cycl0hexvl)mftmvl^ 
DVridon.2-a1Pvrarfna 

15 To a solution of (R)-(+)-1-(tertbiJtoxycart)onyI)-2-plpertdine carboxylic add (2.00 g, 
8.72 mmol) in dichloromethane (30 ml) were added glycine methyl ester 
hydrochloride (1.09 g, 8.72 mmol), 1-p-(dimemylamino)propyn-3-qlhyl carbodilmide 
hydrochloride (2.01 g, 10.46 mmol), 1-hydroxyberemtriazole (1.22 g, 9.04 mmol) and 
triethylamine (2.43 ml, 17.4 mmol). The mixture was stirred under a stream of 
20 nitrogen for 18 hours. The resulting mixture was washed with 0.5M hydrochloric acid 
(20 ml), water (2 x 20 ml) and brine (20 ml), dried over sodium sulphate and 
concentrated to yield (/^Htertbutcixycaroonyi)plperfdlne-2-carboxyglycine methyl 
ester, as a colourless oil (2.47 g, 8.23 mmol). . .. 

(/?)-1-aent3utoxycari)onyl)piperidlne-2-carboxyglyclne methyl ester (2.46 g, 8.20 1 
mmol) was dissolved In trifluoroacetic acid (10 ml) and the resulting solution stirred 
tor 1 hour. The trifluoroacetic acid was then removed to yield a colourless oil, which ' 
was dissolved In methanol (85 ml) and triethylamine (9.0 ml, 64.6 mmol) added. The 
resulting mixture was heated under reflux for 4 hours. The solution was then 
concentrated to afford a pale orange oil which was recrystalllsed from heptane 48%, 
ether 48%, 2-propano! 4%, to yield (/^-octahydro-l^dioxo-^yridoll^^pyrazine 
as white crystals (0.66 g. 3.90 mmol). 

(^OctahydrcHl.^toxo-^yridon^-aJpyrazine (0.5 g, 2.98 mmol) was added 
portionwise to a stirred solution of lithium aluminium hydride (1M in, tetrahydrofuran; 
11.9 ml, 11.9 mmol). The resulting mixture was heated under reflux for 0.5 h. The 
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solution was then cooled to 0"C and treated dropwise with water (1.35 raO. 1M 
sodium hydroxide solution (0.45 ml), then water (1.35 ml). Tetrahydrofuran (10 ml) 
was added and the solution stirred for 0.5 h, before filtration. The filter cake was 
washed with tetrahydrofuran (2x5 ml) and the combined filtrate and washings 
5 concentrated to yield (/^t^ydro-2W-pyrldo[i 1 2-a]pyrarine as a yellow oil (0.29 g, 
2.07 mmol). 

To a solution of 1-(cyclohexyl)methyl-7-methQxy-1Wndole (0.49 g, 2.03 mmol) in 
1,1,2,2-tetrachloroethane (Z5 ml), was added oxalyl chloride (0.19 ml, 2.13 mmol) 

10 with stirring under a stream of nitrogen. The mixture was heated at 120°C for 2 
hours. After cooling to room temperature, triethylamine (0.30 ml. 2.13 mmol) was 
added, followed by (fi)-octahydro-2Hi3yrido[1.2-a]pyrazine (0.28 g. 2.03 mmol) as a . 
solution in 1,1,2,2-tetrachloroethane (2 ml). The solution was stirred at room 
temperature for 2 hours. Sodium hydroxide solution (1 M; 8 ml) was then added and 

15 the resulting mixture partitioned between dichloromethane (10 ml) and water (1 0 ml). 
The organic layer was extracted, washed with water (10 ml), dried over sodium 
sulfate and concentrated. The resulting purple oil was purified by flash 
chromatography using 98% dichloromethane, 2% methanol as eluent to yield the title 
product as a pale brown oil (245 mg, 0.60 mmol). [ak 32 +13° (0 1.87 mg/ml in CHCI 3 ); 

20 1 H NMR (400MHz, CDCIa) 6h 0.92-1.05 (2H, m), 1.12-1.36 (6H, m), 1.48-1.88 (9H, 
m), 1.93-1.98 (1H. m), 2.07 (1H, dt, J 11.5, 4.0), 2.24 (1H, dt, J 12.0, 3.0), 2.70-2.81 
(3H, m). 2.84-2.86 (1H, m), 3.193.25 (2H, m). 3.93 (3H, a), 4.18 (2H, d, J7.0). 4.18- 
4.32 (2H, m), 6.65(1H, d, J7.5), 7.07 (1H, dd. J 8.0, 7.5), 7.25 (1H, s),-7.29 (1H, d, J- 
8.0); EIMS: mfe = 410.2 [M+rfT. 

25 

Example 17 

The procedure described under Example 16 was further used to prepare the 
following compounds: 

17A. ^2-fM-fCvdohaxvnmethvl.7 -methoxv.1 K-indol-3.vncarbonvlloctehvdro-2H. 

30 pyridon.2-alpvraane. hydr ochloride salt was prepared using (SX-)-Htertbutoxy- 
caroonyl)-2-piperidine carboxync acid. {ofo 2 * -18 (free base; c 4.06 mg/ml in CHCIa); 
1 H NMR (400MHz, CDCI a ) S H 0.99-1.08 (2H, m). 1.13-1.28 (3H, m), 1.50-2.03 (12H, 
m), 3.02-3.12 (1H, m), 3.13-3.30 (3H, m), 3.43-3.50 (3H, m), 3.96 (?H, s), 4.27 (2H, 
d, J7.0), 4.4^4.59 (2H, m), 6.77 (1H. d, J7.5), 7.11 (1H, dd, J 8.0, 7.5), 7.27 (1H, d, 

35 JB.Q), 7.64 (1H, s); EIMS: m/z = 410.5 (M+Hf. 



25 
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17B. (fl)-2WCfrGlphexynmeth^^ 

pyrroloru-ajpyrazfrre was prepared using (/?)-(+)-1-(t8rtbutoxycarbonyl)-2- 
pyrroUdlne carboxylic acid. 1 H NMR (400MHz, CDCIj) 8 H 0.92-1 .04 (2H, m), 1.13-1 .21 
(3H, m), 1.40-1.45 (1H, m), 1.57-1.89 (9H, m), 2.00-2.10 (1H, m), 2,16-2.29 (2H, m), 
6 2.76-2.85 (1 H, m), 3.02-3.23 (3H. m), 3.93 (3H, s), 4.18(2H, d, 7 7.0), 4.32-4.56 (2H, 
m). 6.87 (1H, d, 7 7.0), 7.08 (1 H, t, 78.0), 7.25-7.30 (2H, m>; EIMS: mfe = 396.2 
[M+Hf. 

17C. (ff-2-ft1-fCvclohexvnmethvt-7^^ 

PVrrotof1.2-abvrazina. hydrochloride sal{ whs prepared using (S)-(-)-1- 
10 (tertbutoxycarbonyO-2-pyrrondtne carboxylic acid. 1 H NMR of free base (400MHz. 
CDCI 8 ) 8h 0.93-1.03 (2H, m), 1.11-1.21 (3H, m), 1.35-1.46 (1H, m), 1.58-1.89 (9H, 
m). 1.96-2.05 (1H, m), 2.21-2.27 (2H, m), 2.77 (1H, t, 7 1 1.0), 3.07 (1H. d, 7 10.5)] 
3.08-350 (2H, m), 3.93 (3H. s), 4.18 (2H. d, 77.0), 4564.41 (1 H, m), 4.43^,66 (1H, 
m), 6.65 (1H, d. 7 8.0), 7.07 (1H, t, 7 8.0), 755-7.30 (2H, m).; EIMS: mfe = 396.2 
15 {M+HJ*. 

.17D: (fl-2-ff1-(CvdODentvnm 8thvl-7^ 

Pvridon.2-alDvra2ine. hvdrochlorida gaff was prepared using (S)-(-)-1- 
(tertbutoxycarbonyl)»2-piperidine carboxylic acid and 1-(cydopentyl)methyl-7- 
methoxy-1H-indole. 1 H NMR (400MHz, CD3OD) 157-2.03 (14H, rn). 2.41 (1H, 
20 heptet, J 7.0), 3.01-3.52 (7H, m), 3.95 (3H, s), 4.38 (2H, d. 7 7.5), 4.52 (2H, dd, 7 
10.0. 7.0), 6.77 (1H, d, J 8.0), 7.1 (1H, t, J 8.0), 7.26 (1H, d, 78.0), 7.6 (1H, s). EIMS; 
mfe = 3965 [M+Hf. 

17E: (Smri-(Cvclopemvl)methvl-7-m^ 

ovn-olof1.2-alDvrazlne. hydrochloride prepared- using ($M-)-1- 

25 (tertbutoxycarbonyl)-2-pyrrolidine carboxylic acid and Mcyclopentyl)methyl-7- 
methoxy-1/y-lndote. 1 H NMR (400MHz, CDCI,) 8 M 1 .21-2.23 (15H, m), 2.41 (1H, 
heptet, 77.5), 2.75 (1H, t, 7 11.0), 3.01-3.20 (3H, m), 3.94 (3H, S). 4.30 (2H, d, 7 
7.0). 4.32-4.53 (2H, m), 6.65 (1H, d, 77.6), 7.07 (1H. t. 77.5), 7.23-7.31 (2H, m). 
EIMS; mfe = 382.2 p+Hf. 

30 17F:(3ff.9f^2^1-fCvclohe xvl^methvl-7-iiiethoxv-1Wndo|-3.vncartfflnvl^ 

l$0)?utvloctahvdro-2tf-pvrrolof1.2-alDvr3zine was prepared using (3/?,9/?)-octahydro- 
1 ^iox^W-pyrrolon ,2-a]pyrazine (commercially available) instead of («)- 
octahydro-1 ,4-dioxo-2/fpyrido[1 ,2-aJpyrazine. EIMS; mfe » 452.2 tM+H]\ 
17G: (3S.9S)-24ri-fCvcloh e m/nnifithv|.7-ni6fli 0 ^^ f ^ndol^-vnearbonvn-a, 

35 methvloctahvdro-2tf-Pvrnolo n.2-a1Pvrazine was prepamH ,, g ,ng 1. . 
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(tertbutoxycarbonyl)pro!in8 and l-alanine methyl ester hydrochloride salt EIMS; m/z 
= 410.0 [M+HJ*. 

hvdroxvletfw[-4winethvlpipp.pmnB was prepared using 1-methyM- 
(tertbutexycarbonvQglyclne and ^threonine methyl ester hydrochloride salt. EIMS; 
m/z = 4l4.2|[M+Hf. 

171: (2S,a^|-1-ff1-f0vclQhexvnmethvl-7-methn xv-1 fondol-jlvn C arbonvn-2-fa- 
hvdroxvtetJiYl^-methylpiper^j^ was prepared using 1 -methyl- 1- 
(tertbutoxycarbonyf)glyclne and L-thteonine methyl ester hydrochloride salt EIMS; 
m/z = 414.2 [M+Hf. 

17J: fS)^-{jl-(Cvclohexvnmethvl^-methmtv- l H-lndok^vn ^r bonvllAa^im^ yh 
QCtahvdro-2W-DvrrDlon 9-a1pyrflylr|a was prepared using 1- 
(tertbutoxyoarbonyOproline and amlnolsobutyric acid methyl ester hydrochloride salt 
EIMS; m/z = 424.2 [M+HJ*. 

Example 2( 

ln-vitro determination of efficacy and oaten™ at t he human CM receptor express^ 
In CHO cells 

Chinese Hajnster Ovary (CHO) cells expressing the human CB1 receptor and a 
ludferase re sorter gene were suspended In phenol red / serum free D MEM / F-1 2 nut 
mix containhg penicillin / streptomycin (50U/50 ug/ml) and fungizone (1 pg/ml) and 
seeded into 96 well plates at a density of 3 x 10 4 cells per well (100 ul final volume). 
Ceils were ncubated overnight (approx. 18 h at 37'C, 5% COa/95% air) prior to 



The test conpound (10mM solution in DMSO) was diluted In F12 Nut Mix to give a 
range of stock solutions from Q.11 mM to 0.11 nM. The stock solutions (10ul) were 
added dired ly to the relevant wells. The plates were Incubated at 37'C for 5' hours to 
allow agonist-Induced expression of the ludferase enzyme. Under subdued light, 
LucLite subitrate (Packard; reconstituted as per manufacturers instructions; 100 pi) 
was added lo each well. Plates were covered with Top Seal and then incubated at 
room temperature for 5 minutes before counting on the Packard TopCount (single 
photon counting, 0.01 minute count time, 5 minute count delay). 
A "best-fit" cujvb was fitted by a minimum sum of squares method to the plot of 
counts per second (CPS) against compound concentration (M) to obtain an EC ep 
1 shows the pEC*, values obtained for some representative compounds 
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Table 1 



Example 


Chemical name 


Chemical structure 


pECso 


2 


1^1-(Cyclopentyl)methyl-7-me1fioxy-1/f 
indof-S-ylJcarbonyl^-ethylpIperazine, 
hydrochloride salt * 


$V 


6.5 


3C 


1-{[1-(Cydohexy])methyI-7-methoxy-1 tt- 
Indol-3-yl]carfaonylH-(2-hydroxy- 
ethyl)piperazine, trffluoroacetic acid salt 




6.6 


5B 


1 -{[1 -(Cydohexyl)methyl-7-fIuora-1 
Indol^ylJcarbonylH-ethylpiperazlne, 
hydrochloride salt 


• 


7.0 


(+)-5l 


(+H-([1-(1-CyclohexylethyO-lHHndol-3- 
ylJcarbonylH-ethylpiperazine, 
hydrochloride salt . 




7.1 


5Q 


1 -{[1 -(Cyclohex-3-enyl)methyl-7- 

methoxy-1Wndol-3-yl]carfaonylH- 

ethylpiperazlne 


c 


6.7 


5T 


I -(11 -(wycionexyj;metny Kwiuoro-i rr 
lndo!-3-yi]carbonyl}-4-niethylpjperazIne t 
hydrochloride salt 




6.6 


14 


1 -{[1-(Cydohexy!)methyl-7-methQxy-1 W- 
Indol-a-ylJcarbonyll-S.S-dimethyl-^ 
ethytpiperazlne, hydrochloride salt 




8.0 


15F 


1 -{[1-(cydohexyl)methyl-7-methoxy-1 H- 
indol^ylJcarbonyl^SAS- 
trfmethylpiperazJne, hydrochloride salt 


sv 


7.5 


17A 


(S)-2-{I1-(Cydohexyl)mBthyl-7-metho)cy- 
1 HHndol-3-yl]carbonyl}-octahydro-2W- 
pyrfdo-jl, 2-a]pyrazine, hydrochloride salt 




7.9 
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17C 


(S)-2-{[1-(Cyclohexyl)methyl-7.m6tho)(y- ' 
i Wndoi-3-yljcarbonyl}-octahydro-2W- 
pyrrok>fl f 2^]pyraane, hydrochloride 
salt 




7.6 






(S)-2^HC^doperrtyl)methy[-7-m©thoxy- 
1 W-indol-3-yl]carbonyI}-octahydro-2/A 
pyrido-[1, 2-aJpyrazine, hydrochloride salt 




7.5 


"Ret 
"Ref 


1 


i-Ethyh4-[[7-methoxy-1 [2-(4nmorpho!in- 

yl)sthy|]lH-indazol-3-y|]carbonylh 

pfperazino 

example oy i irani wuln5B8S9 


c 

0 


<5 


2 


1-EthyM-07-methoxy-1-[2-(4fliorpholin- 
yl)erthyf]-1 H-irtcf ol-3-ylJcarbonyl}- 
pfperazine 




<5 


"Ref 


3. 


1-fl1*Bert^l-7-methoxy-1/«nclol-3- 
ylJcarbonylH-ethylpIperaane 


c. 


<5 



Example 21; Tail Flick Latency in Mice 



Mice 
later cy 
5 poin 



were trained to sit still In a tail flick apparatus (Ugo Basile, Italy) whilst tail flick 
was measured. The tail was exposed to a focused beam of radiant heat at a 
approximately 2.5 cm from the Bp. Tail flick latency was defined as the interval 
the appliance of the thermal stimulus and withdrawal of the tail. A 12 second 
was employed to prevent tissue damage. Four groups of eight mice were 
with vehicle or one of three doses of the test compound, administered 
(vehicle: saline 9 g/l; injection volume 10 ml/kg). Tail flick latency was 
before administration of the test compound and at regular intervals 
20, 40 and 60 minutes) after compound administration. The EDb was 

atTmax. 

impounds of examples 14, 15F, 17A, 17C, and 17D significantly increased the 
With an ED 50 < 5 fimol/kg. 



between 
cut-eff 
treated 
Intravenously 
measured 
(typically 
calculated 
The 

tail tick latency 
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Claims. 

1. An 1-[(indo|-3-yl)carbDnyllpiperazine derivative having the general formula I 



R 




5 Formula t 

wherein 

R represents 1-4 substituents independently selected from H, (C^alkyl 
(optionally substituted with halogen), (C^)afkyloxy (optionally substituted with 
halogen), halogen, OH ( NH* CN and NO* ; 
10 R t is (Cs.e)cycloalkyl or (C w )cycIoalkenyl; 
R2 is H, methyl or ethyl; 

Rs, Ra iJV R41 Rs. Rs' and are Independently hydrogen or (C M )aIkyl, optionally 
substituted with (C M )alkyloxy or OH; j 

R e is hydrogen or (C M )alky[, optionally substituted with (C^alkyloxy or OH; or 
16 R 9 forms together with R7 a 4-7 membered saturated heterocyclic ring, optionally 

containing a further heteroatom selected fronri O and S; 

R 7 forms together with R 8 a 4-7 membered saturated heterocyclic ring, optionally 

containing a further heteroatom selected from O and S; or 

R, is Hp (Cu)aikyl or (C^cycloalkyl, the alkyj groups being optionally substituted 
20 with OH, halogen or (C^alkyloxy; or 

a pharmaceutical^ acceptable salt thereof. : 

2. The H(indol-3-yi)carbonyl]pipena2jne derivative of claim 1, wherein R 2 is H and 
is'(C w )cycloalkyl. * 

25 | 

3. The H(indoh3-y[)carbonyl]pipera2ine derivative of daim 2, wherein R Is (C M )aIkyl- 
oxy or halogen. 

4 The H(indoI-3-yi)cart>onyl]piperazine derivative of claim 3, wherefn R represents a 
30 methoxy group at the 7-posItion of the indole ring. 
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5. The 1-[(indo!-3-yl)carbonylIplp8raxin9 derivative of claim 4, wherein R* R,', r,-, 
Rs, Rs' and Re' are H; R4, R3 and R 7 are independently H or (Chalky!; or Re forms 
together with R 7 a 5- or-6-membered saturated heterocyclic ring and R, is H or 

5 /*(Cv,)alkyl. 

6. The H(indol-3-y|)cari3onyUpIpera2ine derivative according to formula i of claim 1 
which is selected from: 

- 1K[Heydohe^J)methyl-7^eth^ 
10 4-ethylpiperaa'ne; 

■ 1^M<ydohexyl)memy^-methoxy-1^ 
methylpiperazine; 
■ - (S)-2^1-(cyctohexy0memyl-7-^^ 
2W-pyrido-f,1, 2-a]pyrazine; 
16 - (^-S^HcydohexyOmewyR^emo^ 

2W-pyrroIo-[1, 2-a]pyrazine; and 

- (^-2-fl1-(cydopentyl)mefoyl-7^efo^ 
hydro-2H-pyrido-[1, 2-a]pyrazine; 

•or a pharmaceutically acceptable salt thereof. 

20 

7. The H(indoI-3-yl)carDonyl]piperaane derivative of any one of claims 1-6 for use in 
therapy. 

1 

8. A pharmaceutical composition comprising an 1-[(indol-3-y1)carbonyapIpera2iine 
25 derivative of any one of claims 1-6 together with a pharmaceuticalfy acceptable 

carrier therefor. 

9. Use of an indole 1-I(indoh3-yl)carbonyl]plperaane derivative of formula I as 
defined in claim 1 , in the preparation of a medicament for the treatment of pain; 

30 
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Abstract. 



The present Invention relates to 1-[(indol-3-yl)carbony|]plperazine derivative according 
to the general formula I 



wherein R represents 1-4 substituents Independently selected from H, (C M )aJkyl 
' (optionally substituted with halogen), (C^Jalkyloxy (optionally substituted with 
halogen), halogen, OH, NH 2 . CN and NO* R, Is (Cs^cydoalkyl or (C M )cycIoalkenyl; 

10 R 2 is H, methyl or ethyl; R 3l Rs', RV R*\ R e , R5' and Ffe'are independently hydrogen or 
(C^alkyl, optionally substituted with (C M )alkyloxy or OH; Re is hydrogen or (C t ^)- 
alkyl, optionally substituted with (C^alkyloxy or OH; or R e forms together with R 7 a 
4-7 membened saturated heterocyclic ring, optionally containing a further heteroatom 
selected from O and S; R 7 forms together with R 9 a 4-7 membened saturated hetera- 

15 cyclic ring, optionally containing a further heteroatom selected from O and S; or 
R7 fe H. (CmJalkyl or (C w )cycloalkyl, the aikyl gpups being optionally substituted 
with OH, halogen or (C M )alkyloxy; or a pharmaceutical^ acceptable salt thereof. 
The invention also relates to pharmaceutical compositions comprising said H(indol- 
3-yl)carbonyI]piperazine derivatives, and to the use of these derivatives In the 

20 treatment of pain, such as pert-operative pain, chronic pain neuropathic pain, cancer 
pain, and pain and spasticity associated with multiple sclerosis. 



5 




Formula I 



